Background: Belamcanda chinensis (L.) DC (Iridaceae), a widely used traditional Chinese medicine known as She Gan (Chinese: 射干), is a
In China, Belamcanda chinensis is cultivated mainly for medicinal uses, with its rhizome being the medicinal part, while its seeds have been extracted with ethanol for treating pain in the bones and muscles. Because the flowers of Belamcanda chinensis are attractive in colour and beautiful in shape, it is also cultivated as an ornamental flower in gardens and courtyards (Gong et al., 2004) .
Main Components
Many compounds have been isolated from Belamcanda chinensis, including isoflavones, flavonoids, iridoid glycosides, diterpenes, triterpenoids, alkaloids, phytosterols, polysaccharides, etc. ( Table 2 ). The chemical structures of the primary compounds are shown in Fig. 2 .
Isoflavones and Flavonoids
The chemical constituents of Belamcanda chinensis have been investigated, and various compounds, especially isoflavones, flavonoids and flavonols, have been reported (Ji et al., 2001 ). Most of the compounds reported belong to the isoflavonoid family, including tectorigenin (1), tectorigenin-7-O-β-glucosyl (1→6) glucoside (2) , tectoridin (3), irigenin (4), iridin (5), irisflorentin (6) , dichotomitin (7), 3',5'-dimethoxy irisolone-4-O-β-D-glucoside (8) , nonirisflorentin (9) , iristectorigenin A (10), iristectorigenin B (11), 5,6,7,3'-tetrahydroxy-4'-methoxyisoflavone (12), 6'-O-vanilo-riridin (13) , iristectrigenin (17) , iristectrigenin (17) , iristectrigenin A-7-glucoside (18), 8-hydroxytectrigenin (19) , 8 -hydroxyiristectrigenin A (20) , 8-hydroxyirigenin (21) , tectrigenin-4'-glucoside (22) , irilin D (23), isotectrigenin (24) , astragalin (25), 5,7,4'-dihydroxy-6,3',5'-trimethoxyisoflavone (26) , genistein (27) , dimethyltectorigenin (28) , isoirigenin (29) , isoirigenin-7-O-β-D-glucoside (30) , irisolon (31) , 3'-hydroxytectoridin (32) , and tectoruside (33) . Compounds that belong to the flavonoid family (Jin et al., 2008a ) include 5,4'dihydroxy-6,7-methylenedioxy-3'methoxyflavone (38) , iristectogenin (39) , hispidulin (40) and acetovanillone (41) . Flavonol compounds include isorhamnetin (42) , rhamnazin (43) and rhamnocitrin (44) . Other flavonoids include mangiferin (45), 7-O-methylmangiferin (49), 3'-hydroxyltectoridin (50) , iristectorin (51) , and isoiridin (54 
Pharmacological Effects of the Chemical Constituents in Belamcanda Chinensis
Pharmacological studies have demonstrated that many of the chemical compounds in Belamcanda chinensis, especially isoflavones, show various types of bioactivity. The various chemical components of Belamcanda chinensis will provide a good foundation for further development of new drugs. In Table 3 , we list the active compounds and extracts of Belamcanda chinensis and their bioactivity.
Antiinflammatory Activity
Many studies show that the isoflavones extracted from Belamcanda chinensis affect the inflammatory process of the mammalian system and possess anti-inflammatory as well as immune-modulatory activity both in vitro and in vivo (Wu et al., 1990 ). An in vivo study using the inflammatory reaction model of rat paw swelling and mouse ear oedema showed that Belamcanda chinensis extracts had the potential to prevent inflammation (Abe et al., 1991) . Hyaluronidase is a proteolytic enzyme that specifically degrades extracellular hyaluronic acid. As early as 1968, studies have shown that tectoridin and tectorigenin from iris exhibited excellent anti-inflammatory activity by markedly inhibiting hyaluronidase activity in vitro and in vivo, and these chemicals were more potent than the non-steroidal anti-inflammatory drug phenylbutazone sodium salt (Esaki et al., 1968) . More recently, Japanese scholars reported that one of the mechanisms of the anti-inflammatory activity of the rhizomes of Belamcanda chinensis is the inhibition of PGE 2 production by tectorigenin and tectoridin, with tectorigenin being more potent than tectoridin, 
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Intragastric administration of a 75% ethanol extract of Belamcanda chinensis to rats could significantly delay carotid thrombosis after electrical stimulation.
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Estrogenic Activity
Tectoridin, a major isoflavone isolated from the rhizome of Belamcanda chinensis, is known as a phytoestrogen. Phytoestrogens are the natural compounds isolated from plants that are structurally similar to animal oestrogen, 17-β-oestradiol. Four isoflavones that were isolated from the rhizome of Belamcanda chinensis, iristectorigenin A, irigenin, tectorigenin and tectoridin, were tested for their oestrogenic activity .doi.org/10.4314/ajtcam.v12i6.6 61 and osteotropic effect but no effect in the uterus or the mammary gland (Seidlová et al., 2004) . In contrast, isoflavone glycoside was found to bind weakly to both receptors (Keiko et al., 2002) . The oestrogenic activity of 70% ethanol extracts of Belamcanda chinensis was also confirmed using a recombinant yeast system with both a human oestrogen receptor expression plasmid and a reporter plasmid (Zhang et al., 2005) . Certain compounds isolated from the rhizomes of Belamcanda chinensis, including resveratrol, iriflophenone, tectorigenin, tectoridin and belamphenone, had been shown to stimulate MCF-7 and T-47D human breast cancer cell proliferation (Monthakantirat et al., 2005) . Kyungsu et al. (2009) investigated the molecular mechanisms underlying the oestrogenic effect of tectoridin and found that this effect occurred mainly via the GPR30 and ERK-mediated rapid nongenomic oestrogen signalling pathway, while genistein exerted its oestrogenic effects via both an ER-dependent genomic pathway and a GPR30-dependent nongenomic pathway. Genistein was found to reduce the luteinising hormone-releasing hormone (LHRH)-induced release of luteinising hormone (LH) and follicle-stimulating hormone (FSH) from pro-oestrous rat hemi-pituitaries incubated in vitro (Melanie et al., 1995) . When given intravenously to ovariectomised (ovx) rats, genistein inhibits pulsatile pituitary LH secretion. Upon chronic application to ovx rats, a Belamcanda chinensis extract containing 5% Belamcanda chinensis at a daily dose of 33 mg or 130 mg had no effect on uterine weight or on oestrogen-regulated uterine gene expression, but oestrogenic effects in the bone (i.e., effects on the bone mineral density of the metaphysis of the tibia) were established (Seidlová et al., 2004) .
Scavenging Free Radicals and Anti-oxidative Activity
The poly-phenolic compounds from plants are by far the most frequently reported as antioxidants. Using a biochemiluminescence technique, Qin et al. (2003b) found that the Isoflavones isolated from Belamcanda chinensis, including irigenin, tectorigenin, tectoridin and 5, 6, 7, 4'-tetrahydroxy-8-methoxyisoflavone, could scavenge superoxide radicals, hydroxyl radicals and hydrogen peroxide in the system, with tectorigenin being the strongest oxygen free radical scavenger of the four. In vitro studies showed that tectorigenin had antioxidant effects on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, xanthine-xanthine oxidase superoxide anion radical, and lipid peroxidation in rat microsomes induced by enzymatic and non-enzymatic methods (Lee et al., 2000) . The isoflavonoid fractions of Belamcanda chinensis have the capability to scavenge free radicals, to reduce transition-metal ions and to protect polyunsaturated fatty acids from peroxidation (Dorota et al., 2010) . Studies have shown that tectorigenin has a significant protective effect on the damage to VECs induced by ox-LDL, and tectorigenin significantly inhibited the MCP-1 and ICAM-1 mRNA overexpression in VECs induced by ox-LDL, which was thought to play an important role in anti-atherosclerosis .
Isorhapontigenin, isolated from Belamcanda chinensis, is a derivative of stilbene and is structurally similar to resveratrol. In vitro studies have shown that isorhapontigenin significantly suppressed various types of oxidative damage induced in rat liver microsomes, brain mitochondria and synaptosomes respectively, showing a more potent anti-oxidative activity than the classical antioxidant vitamin E ). In addition, isorhapontigenin was found to dose-dependently inhibit the production of superoxide anion and hydrogen peroxide in phorbol myristate acetate (PMA)-activated rat neutrophils. Scanning electron microscopy results showed that isorhapontigenin protected against surface changes in rat neutrophils and inhibited the release of β-glucuronidase from the activated neutrophils. Electron-spin resonance (ESR) spectra demonstrated that isorhapontigenin could scavenge oxygen free radicals generated in the PMA-activated neutrophils, resulting in the inhibition of respiratory burst in PMA-activated rat neutrophils (Fang et al., 2002) .
Anti-Alcohol Injury and Hepatoprotective Effects
Microglial cells are the primary immune cells in the central nervous system, and they play an important role in the inflammatory process of brain damage. Increasing evidence shows that microglial activation is related to neurological dysfunction and can regulate alcoholism (Crews et genes at the mRNA level and inhibited the decrease in enzyme activity levels, suggesting that tectoridin protected against ethanol-induced liver steatosis mainly through modulating the disturbance of the PPARα pathway and retaining mitochondrial function (Xiong et al., 2010) . Several groups found that tectoridin may be a pro-drug transformed to tectorigenin, as only intra-peritoneal administration of tectorigenin and oral but not intra-peritoneal administration of tectoridin exhibited hepatoprotective activities in CCl 4 -intoxicated model animals, and this hepatoprotective effect may be related to the inhibition of β-glucuronidase, the increase in GSH content and GST activity and the inhibition of 
Hypoglycaemic and Hypolipidaemic Effects
Studies have shown that tectorigenin and tectoridin isolated from the rhizomes of Belamcanda chinensis could inhibit aldose reductase, which plays important roles in diabetic complications. Moreover, oral administration of either compound significantly inhibited tissue sorbitol accumulation in streptozotocin-induced diabetic rats, suggesting that the compounds may be candidates for the prevention and/or treatment of diabetic complications . In vitro studies also showed that tectorigenin had potent hypoglycaemic activity (Bae et al., 1999) .
Intra-peritoneal administration of tectorigenin significantly reduced the blood glucose, total cholesterol, LDL-cholesterol, VLDL-cholesterol and triglyceride levels in the streptozotocin-induced diabetic rats, thus showing potent hypoglycaemic and hypolipidaemic effects in vivo (Lee et al., 2000) .
Cardiovascular and Cerebrovascular Effects
Tectorigenin had significant protective effects against damage to the vascular endothelial cells induced by low-density lipoprotein. It also inhibited the mRNA overexpression of monocyte chemo-attractant protein-1 and intercellular adhesion molecule-1 induced by LDL, which may be one of the mechanisms of atherosclerosis . One study reported that the anticoagulant effect of Belamcanda chinensis that is due to one of its components, acidic polysaccharide (MW of 10,000). Intra-gastric administration of the 75% ethanol extract of Belamcanda chinensis to rats could significantly delay carotid thrombosis after electrical stimulation (Zhang et al., 1997a) . Tectorigenin was also found to inhibit arachidonic acid and collagen-induced platelet aggregation, suggesting that tectorigenin may be one of the active ingredients that resulted in the antithrombotic effect of Belamcanda chinensis (Lo et al., 2003 ).
Antibacterial and Antifungal Activity i) Antibacterial Activity
Previous studies have shown that the Belamcanda chinensis had different degrees of antibacterial effects on many bacteria, including Staphylococcus aureus, influenza A, Group B streptococcus, pneumococcus, meningococcus, E. coli, typhoid and paratyphoid bacillus, and
Haemophilus influenzae bacilli (Yu et al., 2001 ). An in vitro study showed that isoflavone glycosides did not inhibit the growth of Helicobacter pylori. However, their aglycones, irisolidone, tectorigenin and genistein, inhibited Helicobacter pylori growth (Bae et al., 2001) .
ii) Antifungal Activity
The antifungal activity of Belamcanda chinensis against 17 strains of fungi and 6 strains of bacteria was investigated, and the results showed that tectorigenin had marked antifungal activity against dermatophytes of the genus Trichophyton (Oh et al., 2001) . A water decoction of Belamcanda chinensis had no inhibitory effects on normal ocular pathogenic fungi (Wei et al., 1994) including Aspergillus phyllotreta, .org/10.4314/ajtcam.v12i6.6 while the mycelium gradually swelled, the cell wall gradually thickened, organelle swelling increased, intracellular particles with a high electron density emerged, and Trichophyton rubrum eventually disintegrated (Liu et al., 1999) .
iii) Antiviral Activity
Previous in vitro studies showed that a water decoction of Belamcanda chinensis showed inhibitory effects against influenza virus, adenovirus, echovirus, Coxsackievirus, herpes virus, and wild iris aglycones and was found to be the active antiviral ingredient. Mangiferin showed strong inhibition of the in vitro replication of type II herpes simplex virus (Liu et al., 2000) . A recent study reported that a 60% ethanol extract of Belamcanda chinensis significantly delayed the onset of the cytopathic effect of influenza virus FM1, adenovirus III and herpes simplex virus, but it showed no antiviral activity against enterovirus Cox B3. The in vivo study showed that treatment of mice with a 60% ethanol extract of Belamcanda chinensis could significantly inhibit the increase of the lung/body weight ratio caused by influenza virus, indicating that Belamcanda chinensis played a role in the inhibition of viral pneumonia (Han et al., 2004) .
Effects on the Digestive System
Intra-gastric administration of the leaching solution of ethanol and ethanol-water extract of Belamcanda chinensis to rabbits can promote saliva secretion, and tectoridin may be one of the active ingredients. Studies also showed that injection of the 75% ethanol extract of Belamcanda chinensis into the duodenum of anesthetised rats persistently accelerated bile secretion, possibly due to the presence of mangiferin in the extract (Zhang et al., 1998) . Moreover, the 75% ethanol extract of Belamcanda chinensis also showed weak antiulcer effects because intra-gastric administration of the extract inhibited the ulceration induced by flooding stress, hydrochloric acid and indomethacin ethanol by 26%-48% (Zhang et al., 1997b) . In addition, intra-gastric administration of a 75% ethanol extract of Belamcanda chinensis to mice caused significant inhibition of small intestine diarrhoea caused by castor oil but caused weak inhibition of the large intestine diarrhoea caused by folium sennae and no inhibition of ink gastrointestinal propulsive motility in mice (Zhang et al., 1997c ).
Other Pharmacological Effects
Components of Belamcanda chinensis have been found to have ichthyotoxic activity. Japanese scholars (Ho et al., 1999 ) isolated eleven iridal-type triterpenoids from the hexane and ether extracts of Belamcanda chinensis. Among them, three compounds showed potent ichthyotoxic activity against killie-fish (Oryzias latipes), but others did not.
Toxicity and Side Effects Skin Allergies
It has been reported that four days after treatment with Belamcanda chinensis, a patient presented with red rashes of various sizes and blisters on the skin of the neck and back, possibly due to an allergy to the antiviral injection. The symptoms gradually disappeared after medicine withdrawal and anti-allergy treatment (Gao et al., 2006) . Because the Belamcanda chinensis antiviral injection has a very complex composition, it is difficult to identify the allergy-causing substance. Therefore, it is recommended that care should be exercised in the clinical use of Belamcanda chinensis, and the injection should be used with caution in patients with drug allergies.
Systemic Muscle Rigidity
One report indicated that patients had muscle rigidity of the neck, limbs and abdominals after using Belamcanda chinensis. Symptoms included masseter tension, speech and language impairment, physical impairment and plate-like abdominal muscles. However, the underlying mechanism is not yet clear. (Li, 2005) .
Conclusion
Belamcanda chinensis is a traditional Chinese medicine commonly used in China, mainly in the clinical treatment of respiratory diseases.
The roots of this plant are used alone or in combination with other Chinese herbs as a key ingredient to treat bronchial asthma, tonsillitis and cough in children in traditional Chinese medicine. However, further studies are required to understand the mechanisms of its positive roles in the respiratory system. In addition, a relationship between pharmacological effects and traditional uses of Belamcanda chinensis must also be scientifically verified.
Extracts of Belamcanda chinensis are rich in isoflavone and triterpenoid compounds. Pharmacology studies have confirmed that these compounds have anti-inflammatory, antibacterial, antioxidant, anti-tumour, free radical scavenging, hepatoprotective, hypoglycaemic and oestrogen-like effects. Among these effects, its hepatoprotective and oestrogen-like effects are most promising. Belamcanda chinensis could be used to treat menopausal syndrome and prostate cancer as well as in health product development. In addition, isoflavone and its glycosides In this review, current pharmacological data is limited to studies on just a few chemical compositions (tectorigenin and tectoridin) in many cases, showing that effort is required to isolate more biologically active compounds. Although the use of in vitro test systems remains popular, there is a clear need for more in vivo research and eventually clinical trials. Additionally, some of the studies provide in vivo data only, without identifying the underlying mechanism.
The toxicity of Belamcanda chinensis has been noted in ethno-medicine and has been validated by toxicological studies. However, the toxicity of medicinal preparations, including doses and safe limits for administration, is not well characterized and requires future attention. Thus, prolonged and high-dose intake of traditional formulations containing Belamcanda chinensis should be avoided until the results of more in-depth toxicity studies become available. In China, Iris dichotoma Poll and Iris tectorum Maxim are substituted for Belamcanda chinensis in some districts (Qin et al., 2003a) . Studies have shown that these three extracts have similar chemical compositions and pharmacological activities (Huang et al., 1997; Wu et al., 1990 ), but there is a strong demand for detailed evaluation of their pharmacological and toxicological differences.
In traditional medicine, Belamcanda chinensis is commonly used not only in China but also in Korea and Japan. According to the literature reviewed, numerous studies have reported the chemical composition, pharmacological activity and underlying mechanisms of activity of Belamcanda chinensis, based on new drugs that have been developed and the number of patent applications. However, the pathway of its distribution, absorption, metabolism and excretion must be clarified by future pharmacokinetic studies. More knowledge of Belamcanda chinensis will enhance our understanding of the material basis of treatment with Chinese herbs and will significantly improve the clinical use and effectiveness of these herbs. Taken together, the importance of Belamcanda chinensis has been highlighted based on its prominent usage in traditional medicine as well as its potential for use in beneficial therapeutic remedies. Nevertheless, there is clearly a need for further studies focusing on the mechanism, pharmacokinetics and toxicity of Belamcanda chinensis.
